Interpretation: Increasingly, the responsibility for identifying drivers with dementia has fallen on the health care system, a role for which it was never designed nor equipped to handle. The risks associated with the dramatically increasing number of drivers with dementia demand a psychometrically sensitive and efficient screening procedure. Ontario. To our knowledge, this has not yet been done. Developing this estimate is a considerable challenge that involves addressing the dynamic nature of dementia while logically combining such unrelated data sets as Ontario census data, Canadian dementia prevalence data, Ontario driver licensing statistics, motor vehicle crash data in cognitively impaired older adults, and morbidity data for persons diagnosed with dementia.
Many studies have demonstrated shifts in our population demographics that show people are surviving into their senior years and seniors are living longer (4) (5) (6) (7) . Age is known to be a major risk factor for the development of dementia, and as individuals age, their probability of developing dementia increases sharply (8) . It is also known that the proportion of seniors who drive is increasing (Table 1 ; 9). The consequence of these demographic trends is that there will be a greatly increased number of potentially dangerous drivers. Available data show that the problem is significant now and will grow substantially in coming years. Using census data (10), driver licensing data (9), and dementia projections (11) , this paper calculates the size of the problem of driving and dementia in Ontario over the next 25 years.
Though popular media increasingly present reports related to driving and the elderly, the problems of normal aging (for example, reductions in vision and dexterity) are often confused with the problems of pathology in general and dementia in particular. Although normal aging and various medical conditions can each result in legitimate and significant problems for drivers, these are separate issues. This paper refers only to the increasing problems created by the high prevalence of dementia among the population aged 65 years and over.
Size of the Problem
Several factors must be considered when estimating the number of drivers in Ontario with dementia, including the population and driving rate of persons aged 65 years and over, dementia prevalence rates, and the effects of the progression of dementia. The number of persons aged 65 years and over has grown substantially in recent years and is projected to continue growing in the next 25 years. Some of the earliest dementia projections emerged following the 1986 census (12) . Regarding population data, persons aged 65 years and over increased from just under 1 million in 1986 to over 1.5 million in 2000 and are projected to increase to nearly 3.25 million in 2028 (10) . This would represent an increase of more than 225% since 1986 (Table 1 ).
In 1994, nearly 60% of persons aged 65 years and over had a driver's license (Table 1; 9). In 1999, this increased to 67%, probably reflecting generational aspects of driving. Until the 1960s, most drivers were men and most had above-average income levels (13, 14) , but since then, driving has become almost universal. The current driving rates for persons aged between 20 and 50 years is just over 90%. Allowing for some attrition in this rate, we estimated that at least 85% of persons aged over 65 years will hold a driver's license in 2028. Therefore, the estimated number of drivers aged 65 years and over will have increased from just under 500 000 in 1986 to nearly 2.5 million in 2028 ( Table 1 ).
The overall dementia prevalence rate for those aged 65 years and over in 2000 was 8.7% (11) . This rate is slowly increasing as a greater proportion of the population lives longer. However, since institutionalization is almost synonymous with the later stages of dementia, and because patients entering long-term care facilities are usually too debilitated to drive, it is estimated that only one-half of all dementia patients present a concern regarding driving. Therefore, the rate of concern for dementia patients is approximately one-half that of the overall rate of dementia, which we refer to as the "community dementia rate" (Table 1 ). According to this logic, multiplying the 1986 community dementia rate by the population aged 65 years and over for that same year yields an estimated 40 000 dementia patients of concern in Ontario in 1986. In 2000, the estimated number of dementia patients will have risen to nearly 70 000, representing a 70% increase since 1986. Projecting forward to the year 2028, it is estimated that there will be over 150 000 dementia patients of concern potentially driving in Ontario (Table 1; 
11).
We assessed the number of drivers with dementia by multiplying the number of drivers aged 65 years and over by the average community dementia rate for a given year (see Table 1 ). For example, to calculate this number for the year 2000, we multiplied the number of drivers for that year (1 026 177) by the corresponding community dementia rate (4.43%), for a total of 45 473 drivers with dementia. In 2028, we multiplied the estimated drivers (2 428 028) by the community dementia rate (4.75%), for a total of 130 709 drivers with dementia. We refer to this value as a maximum number because it assumes the independence of 2 variables, holding a driver's license and suffering from dementia, which may not be the case.
Although these figures represent the total pool of estimated drivers with dementia, one must consider how many of these individuals are actually driving. Studies that examine the interval between the onset of symptoms and driving cessation are informative in this regard. Lucas-Blaustein and colleagues reported that 30% of their sample subjects had at least 1 accident since the onset of dementia symptoms, and an additional 11% were reported to have caused an accident (15) . At the time of the study, 30% of the sample subjects continued to drive for 3.6 years following diagnosis. Fox and others reported that their study subjects were driving an average of 4 years (SD 2.0) following diagnosis (16) . In a study by Bedard and colleagues, the mean interval between the onset of symptoms and a clinical assessment that included information about patients' driving history was 5.5 years (95%CI, 5.2 to 5.8 years) (17) . Many of these subjects were still driving at the time of the assessment. In a review paper by Carr, the author concludes from the cited literature that only 50% of drivers with dementia of the Alzheimer type stop driving within 3 years of disease onset (18) .
Generally, the literature shows that individuals with dementia continue to drive for approximately 4 years after the onset of symptoms. Because the average duration of dementia, at least of the Alzheimer's type, is about 8 to 10 years after the onset of symptoms, it appears that persons with dementia continue driving well into the disease. Individuals typically spend 4 to 5 years in the community before placement, suggesting that perhaps 80% of the estimated maximum number of drivers with dementia are still driving (19) (20) (21) . Allowing for some additional attrition, we argue that a rate of 75% is more realistic and is what we have termed the best estimate of drivers with dementia (Table 1) . This group has increased from nearly 15 000 in 1986 to more than 34 000 in 2000 and is projected to increase to nearly 100 000 by 2028 (Table 1 ).
In Ontario, the population cohort aged 80 years and over is of particular interest to the Ministry of Transportation (the issuer of motor vehicle licenses in the province). This group is currently screened every 2 years. The screening process consists of a road-sign test and a vision test and requires attendance at a 90-minute information session. In the past, a road test was also included. It is unclear why the process has changed, but it may be a result of significant increases of drivers aged 80 years and over and associated costs.
Initiating the current screening process only after an individual's 80th birthday has important implications. First, a significant proportion of potentially dangerous drivers with dementia will be overlooked: those aged under 80 years. As shown in Table 1 , there may be over 98 000 drivers with dementia by 2028. Approximately 60 000 (62%) drivers within this total are aged 80 years and over; over 37 000 (38%) drivers with potential dementia are unscreened (Table 2) . Second, the screening process itself is not designed to detect drivers with dementia, and persons in the earlier stages of dementia may not be detected in the screening process. Table 2 is simply a duplication of Table 1 , using only data from the group aged 80 years and over.
Discussion
The problem of drivers with dementia has grown significantly, creating a dangerous situation on our increasingly busy roads and highways. Drivers in the earliest stage of dementia may pose relatively little risk, but with disease progression, they will become increasingly dangerous to themselves and others, until they are no longer capable of driving. Crash data studies have demonstrated that drivers with dementia are 2 to 5 times more likely to be involved in a collision, compared with drivers with no dementia (18, 22) . Further, several studies have shown that individuals with dementia are most likely to be involved in crashes at intersections, (23, 24) suggesting that more than one vehicle is involved. Therefore, when one considers the potential number of crash victims, it is clear that this is becoming a major public health issue.
Prior to 1996, Ontario's Ministry of Transportation required that drivers aged 80 years and over undergo an annual relicensing procedure consisting of a vision test, a written test, and a road test (25) . When the number of drivers aged 80 years and over was relatively small, this procedure worked reasonably well. Since 1996, the relicensing process has changed: the road test is no longer a standard component, and the Ministry mandates participation in a 90-minute information session. License renewal now occurs every 2 years. While the vision and road-sign tests have obvious value in assessing basic driving abilities, they do not address drivers with dementia. It remains unclear what the 90-minute information session accomplishes.
The need for assessing older drivers is greater now than ever. While the old systems of manual screening with road tests may have detected the more obvious instances of drivers with dementia, its effectiveness in identifying dangerous drivers at earlier stages of the disorder is uncertain. A system of practical and effective screening for potentially dangerous drivers with dementia must be developed. Another effect of the current screening process is that it has shifted the burden of detecting potentially dangerous drivers onto the medical profession. According to Section 203 of the Ontario Highway Traffic Act, physicians must report any patient who is suffering from a medical condition that may adversely affect his or her ability to drive, including dementia. However, the health care system was not designed and physicians are not trained to screen for individuals who may be a safety hazard on the road. Further, placing the responsibility of identifying at-risk individuals on physicians can be detrimental to the patientphysician relationship (26, 27) .
While these projections are drawn from Ontario data, similar trends can be seen in national statistics, both in Canada (28) and in the US (29) . Thus it is reasonable to conclude that these projections have significance across North America. An implication of these projections is an ever-increasing number of drivers who are dangerous by reason of dementia. There is currently no effective means of identifying these individuals.
Limitations and Future Directions
The diverse data sets available for this study made meaningful integration a challenge. Bridging census data, driving statistics, and dementia projections required logical reasoning when no empirical evidence was available. While we are confident in the reasoning behind these links, the precision of our estimates may be subject to some error. Nevertheless, the identified trend and its implications for the future remain the same. Méthodes : Les données du ministère des Transports de l'Ontario sur la conduite automobile, le recensement et la prévalence de la démence ont été combinées pour déterminer le nombre de personnes souffrant potentiellement de démence qui conduisent, à la fois présentement et dans quelque 25 ans.
Résultats :
Les chiffres réels et projetés de l'Ontario indiquent que le nombre de conducteurs âgés aura augmenté de façon marquée depuis 1986, passant d'un peu moins de 500 000 à presque 2 500 000 en 2028. Parallèlement, le nombre de conducteurs souffrant de démence augmente aussi. Bien que tous les conducteurs souffrant de démence ne soient pas nécessairement dangereux, on estime que la plupart vont continuer à conduire pendant une bonne partie du cours de la maladie. En combinant les ensembles de données mentionnées ci-dessus, une meilleure estimation du nombre de conducteurs souffrant de démence en Ontario a été dérivée. On estime que ce groupe est passé d'un peu moins de 15 000 en 1986 à quelque 34 000 en 2000, et l'on projette qu'il atteindra presque 100 000 en 2028.
Interprétation : De plus en plus, la responsabilité de détecter les conducteurs souffrant de démence incombe au système de santé, rôle auquel celui-ci n'a jamais été destiné ou préparé. Les risques associés au nombre radicalement croissant de conducteurs souffrant de démence nécessitent une procédure de dépistage efficace et sensible à la psychométrie.
